Numerous corticosteroid preparations are available, but the type and dose administered is frequently at the discretion of the clinician. This is often based on anecdotal evidence and experience rather than formal clinical guidelines. In order to better understand current practice, we anonymously surveyed 100 members of the British Society of Skeletal Radiologists. The results of the survey demonstrated the arbitrary use of all types of steroid preparation at different anatomical locations. In this article, we review the commonly used corticosteroids and propose a guideline to help practitioners decide on the type and dose of steroid depending on the treatment location.
It is common practice to use intra-articular (IA) corticosteroids for the treatment of musculoskeletal conditions, and it is one of the commonest drugs administered within a radiology department [1, 2] . Injections are performed by various medical and allied health professionals and include IA, bursal, tendon sheath, enthesis, epidural, and soft tissue locations. Evidence supports the use of corticosteroid injection, as its anti-inflammatory properties can provide patients with pain relief, with the aim of improving function [2, 3] . Steroid injections into affected joints can allow dose reduction of systemic steroids, as well as orally administered analgesics and anti-inflammatories. Corticosteroid injections may temporise the need for surgery or provide relief when surgery is contraindicated for medical reasons. The therapeutic effects of corticosteroids are, however, often temporary, with some studies suggesting no long-term difference between corticosteroids and placebo [4] . This is not a consistent and universal finding, with results varying with different anatomical sites and indications. To date, no formal evidence-based guidelines exist to guide clinicians in deciding which steroid to inject. There is a lack of evidence and robust studies looking at the comparable safety and efficacy of available agents and the long-term outcomes of corticosteroid injection.
Corticosteroids are often combined with a local anaesthetic (LA), which acts as the solvent for the corticosteroids, provides volume for the injectate to distribute in the joint, and provides immediate analgesia. This LA phase can allow further clinical assessment regarding symptomatic relief, often giving diagnostic information relating to a potential pain source.
Commonly used LAs are lidocaine, bupivacaine, and ropivacaine; the latter two are longer-acting. Although it is beyond the scope of this review article to discuss in detail the benefits and risks of the types of LAs available, the most controversial observation in recent studies is that LAs may be associated with chondrotoxicity [5e7]. There is, however, a lack of randomised control trials, with large numbers based on in vitro observations regarding this potential adverse effect [8] . Currently, there is no convincing clinical or in vivo data to contraindicate the use of LA with single injections. This review will focus on steroid injections in the adult population only.
Current UK Practice
In our opinion, the choice of corticosteroid and dose is often based on anecdotal evidence and the ''because that is what I was taught'' principle. This practise does not appear to be isolated to the UK, with similar practice in the United States [9] . During a recent British Society of Skeletal Figure 1 . A graph demonstrating the responses received by 100 members of the British Society of Skeletal Radiologists for the type of steroid used in different anatomical locations. All responses were anonymous and sections without a response were not counted. ''Other'' includes use of hydrocortisone, betamethasone, and plasma-rich platelets. This figure is available in colour online at http://carjonline.org/. Table 1 The comparative dose equivalents for the different steroids and particle size compared to a maximum 7.5 mm for erythrocyte [2, 41] Steroid Equivalent dose to 40 There was no predominant type of steroid used for any particular procedure ( Figure 1 ). Whilst this data is limited by the relatively low response rate, it provides an important insight into current practice within the UK. It confirms that there is apparently arbitrary use of particulate (Kenalog and Depo-Medrone) and nonparticulate (dexamethasone) steroids. Of particular interest was the fact that 33% of the surveyed radiologists are still using particulate steroids for cervical NRB. This will be discussed in detail later in this review.
IA CorticosteroidsdMechanism of Actions and Pharmacokinetics
The most commonly used corticosteroids are triamcinolone acenotide (Kenalog-40), methylprednisolone acetate (Depo-Medrone), and dexamethasone (Decadron). Other steroids used in internationally include triamcinolone hexacenotide (Aristopan), betamethasone acetate (Celestone), and hydrocortisone [2] . The comparative efficacy for the different steroids is shown in ( Table 1) . Dexamethasone and hydrocortisone are non-particulate steroids. Particulate steroids, such as methylprednisolone acetate and triamcinolone acenotide, have a varying degree of aqueous solubility and are composed of microcrystals ranging from 3e15x the size of erythrocytes (Table 1) . Anti-inflammatory and analgesic mechanisms include synovial blood flow reduction, synovial fluid composition alteration, gene suppression of leukocytes, protease and cytokine production, and altered collagen synthesis [1, 10, 11] . These effects are more potent in corticosteroids with branched esterification, as they are less soluble. Microcrystalline agents remain at the injection site longer resulting in a longer therapeutic duration, reported up to 21.1 days with triamcinolone acenotide, which is the least soluble steroid [10, 11] . More soluble steroids are more rapidly absorbed from the joint, with half-life as short as a few hours [1, 11] . Once absorbed from the joint, they are metabolised by the liver and excreted by the kidney. Indications and contraindications for the use of corticosteroid injections are summarized in Tables 2a and b, respectively.
Corticosteroid InjectiondPotential Adverse Effects

Steroid-induced arthropathy
Radiographic follow-up of patients post IA steroid injection has shown worsening and progression of joint arthropathy. Initial reports suggested this might be steroid induced secondary to repeated IA injections. Early studies hypothesised that the proteolytic enzymes in the exudate of corticosteroid-induced synovitis had a chondrotoxic effect and repeated steroids injections in animal models demonstrate deleterious effects on cartilage [11] . These hypotheses have not been clinically substantiated, and some authors have suggested the radiographic deterioration can be attributed to increase joint use post injection due to the steroid-induced pain relief. Furthermore, the overall effect of steroids is potentially protective to cartilage from the more destructive process of inflammation [11] . In addition, animal and human Table 2 Common indications (2a) and contraindications (2b) for corticosteroid injection [2, 10] cartilage are not identical biochemically, physiologically, or histologically and respond differently to chemical agents and trauma [11] . The potential link between chondrotoxicity and local anaesthetic use makes conclusion regarding progressive arthropathy even more difficult, but some authors have indicated an incidence of steroid-induced arthropathy is 0.8% [10] .
Septic arthritis
Septic arthritis can be a catastrophic but rare complication following IA injections. Frequencies of joint infection after IA injection range from 1 in 3000 to 1 in 100,000 [10, 12] . It is best practice to adhere to an aseptic technique. A traumatic procedure or the presence of IA steroid can leave a joint susceptible to infection by haematogenous spread, particularly in the presence of local or systemic infection. As corticosteroids can cause immunosuppression, steroid injection should be avoided if patients are on antibiotic treatment or have bacteraemia [13] . IA injection should not be carried out in the presence of active infection in or near joints. [14] .
Systemic effects
Facial flushing has been reported with an incidence of less than 1% [10] . Facial, neck, and torso flushing are reported systemic effects seen more frequently with triamcinolone acenotide. Symptoms can last from several minutes to days, but generally resolve with conservative management [10, 11] . Vasovagal reaction can occur due to systemic absorption of the steroid or local anaesthetic or patient anxiety to the procedure itself with incidences reported between 0%-20% [10, 15] . Gray et al reported doses of 150e300 mg reducing inflammation of joints distant to the injected site and causing eosinopenia, a sign of systemic steroid absorption [11] ; however, in current clinical practice, injected doses of steroids rarely exceed 80 mg. IA doses up to 80 mg can be given without undue adverse systemic effects, although doses greater than 50 mg triamcinolone acenotide have been shown to decrease serum cortisol, confirming suppression of the hypothalamic-pituitary-adrenal axis [11] . Systemic effects can be minimised by limiting the number and dose and increasing the interval between IA injections and ensuring intravascular needle placement or injection is avoided. One must be aware of steroid induced hyperglycaemia and consent diabetic patients appropriately [11] . Hyperglycaemia can last for up to 3 weeks.
Cutaneous effects
Corticosteroids may cause dermal/subcutaneous tissue atrophy, hypopigmentation, and fat necrosis [11] , with a reported incidence of less than 1% [10] . The presence of corticosteroid crystals can lead to the disintegration of the cellular elements and physiochemical changes in connective tissue. The resultant dermal and/or subdermal changes may form depressions in the skin at the injection site. These changes may be irreversible. The injection site is at risk if corticosteroids leak along the needle track, which can occur if injections are placed superficially. The effects of steroids can leave the skin fragile, susceptible to minor trauma and infection, easy bruising, and sensitive to touch. Particulate steroids have greater dermal and subcutaneous tissue atrophy [11] . Triamcinolone has a greater risk for dermal changes compared to methylprednisolone due to its increased crystal size and is typically recommended only for IA or deep injection therapy [2] .
Tendon rupture
The incidence of tendon rupture is less than 1% [10] . The exact cause for steroid-mediated tendon rupture is unknown. Excessive exertion, degenerative, and inflammatory tendinous attrition can lead to tendon rupture. Steroids may exert a deleterious effect on tendon strength, repair and reduce tensile strength [11, 16] . Reduced mobility/joint function or inflammation/synovitis can have a ''protective mechanism'' for diseased tendons, which can be removed by the therapeutic effects of steroids.
Steroid flare
A post-injection, self-limited synovitis can occur in approximately 1%e10% of cases following IA injection [11] . Symptoms of joint pain and swelling can be observed several hours post injection and generally subsides within 48 hours [11] . Microcrystalline steroids share common physical properties with monosodium urate (gout), and calcium pyrophosphate dehydrate (pseudogout) crystals and have been implicated in causing a crystal-induced arthritis; however, other studies have shown post steroid-injection flare was similar in cases of IA injection with and without triamcinolone [11] . Steroid microcrystals can be seen in joints more than a month post injection. Perceived ''worsening of symptoms'' can also be seen once the local anaesthetic wears off, and it is important to adequately consent and counsel patients to warn them of this.
Miscellaneous effects
Peri-articular joint capsule calcification can occur as a late complication, with a reported incidence of up to 43% [10, 11] . Although, we do not have a definite incidence rate, this level is not seen in our clinical practice. There have been rare reports of drug hypersensitivity to additives or the local anaesthetic within the injectate [11] . Severe joint destruction with osteonecrosis may occur with prolonged repeated IA injections. Corticosteroid use should be carefully considered during pregnancy, and as with all medication, fully informed consent with risks and benefits to the mother and child should be discussed and documented. Although corticosteroids are excreted in small amounts into breast milk, the small dose used intra-articularly, with even smaller systemic absorption, will mean a relatively insignificant amount in breast milk. Furthermore, there is negligible gut absorption from the baby, and so there is no significant risk of hypothalamus-pituitary-adrenal axis suppression. There are, however, documented cases of lactation suppression secondary to triamcinolone injection [17, 18] . Corticosteroids are a substrate of the enzyme CYP3A4, which is targeted and blocked by many anti-retrovirals (ritonavir), anti-fungals, calcium-channel blockers (diltiazem), and the oral contraceptive pill, to name a few. Caution is advised when using corticosteroids with such drugs, as it can result in excess systemic steroid levels and lead to Cushing's syndrome and adrenal suppression [14, 19] . No such interaction has been reported with a reduced dose of methylprednisolone and should be used as an alternative to triamcinolone. Also, corticosteroids may induce the metabolism of HIV-protease inhibitors resulting in reduced plasma concentrations. It is, therefore, vital referrers provide detailed and relevant clinical information when referring patients for corticosteroid injections. It is best practice to seek the advice of the infectious diseases clinicians prior to proceeding with a steroid injection [20, 21] . A number of resources are available online [22] . It is also advised to be familiar with potential drugs interactions with corticosteroids and pharmacy advice should be sought as required. An under-reported side effect is persistent hiccoughs following corticosteroid injection [23e27]. The onset of hiccoughs typical occurs hours after steroid injection and has been reported to last up to 2 weeks [27] . The incidence is unknown and a number of mechanisms have been postulated, including cerebrospinal fluid volume imbalance following epidural injections, mixture with bupivacaine, sympathetic pathway blockade, steroid activation of the hiccough reflex arc, and alteration in neurotransmitters in the brainstem [23e27].
Who, What, When, Where, and Why of Musculoskeletal Corticosteroid Injections
Who
Corticosteroid injection is indicated when there is a need to reduce inflammation and improve function in a variety of musculoskeletal conditions. This may be secondary to an inflammatory, traumatic or degenerative process. Steroids should not be used to alleviate arthropathy secondary to infection or in unstable joints. Corticosteroid injections are a useful adjunct to systemic treatment particularly targeting severely affected joints. Combined with appropriate multi-modality therapy, steroid injections can help reduce doses of systemic drugs and potential adverse reactions, reduce reliance on analgesia, and improve quality of life associated with pain reduction and increased function.
What
The costs, potency, duration of action, and steroid-related reactions vary with the different available preparations. Particulate steroids have greater potency with greater prolonged therapeutic effects but have greater dermal and subcutaneous tissue atrophy [11] . The smallest dose should be used as infrequently as clinically appropriate.
Triamcinolone acetonide
Kenalog contains triamcinolone acetonide 40 mg/mL of sterile aqueous suspension and is a microcrystalline corticosteroid shown to have the greatest potency. In the UK, it is licenced for IM/IA injection only [14] . Kenalog is not licenced for use in children under 6. Particles of triamcinolone vary greatly in size and are densely packed. Triamcinolone has particle sizes ranging from 15e60 mm compared to methylprednisolone of 0.5e26 mm, bethamethasone of 10e 20 mm, and erythrocytes of 2.5e7.5 mm [11] . When diluted with bupivacaine, triamcinolone may coalesce into large (>100 mm) aggregates causing clouding of the solution. The dose of Kenalog should be adjusted according to the proposed injection location and clinical scenario with up to 40 mg. A total of 80 mg per procedure (multiple sites), have been given without undue reactions. Kenalog should ideally be used for large joints (eg, tibiotalar, hip or glenohumeral joints) or deep soft tissue targets that are deep to muscle/ tendon (eg, subacromial subdeltoid or trochanteric bursa). This will minimise the risk of subcutaneous fat atrophy or dermal hypopigmentation.
Methylprednisolone acetate
Depo-Medrone is an aqueous suspension of microcrystalline methylprednisolone acetate 40 mg/mL. Methylprednisolone acetate is a synthetic glucocorticoid with greater anti-inflammatory potency than prednisolone. Methylprednisolone acetate has uniformly sized, densely packed particles with <5% of particles >50 mm in diameter and do not form many aggregations [28] . Depo-Medrone is licensed for IM, IA, intrabursal, intralesional, or into the tendon sheath [14] . Based on the recommendations by the National Institute for Health and Care Excellence, methylprednisolone is suggested for small joints and methylprednisolone or triamcinolone for medium or large joints [29] . Methylprednisolone is suggested for superficial soft tissue injections and triamcinolone for deeper sites. Doses vary upon the clinical scenario, and we propose up to 40 mg is used for large joints (knee, ankle, shoulder) and bursae and 5e20 mg for superficial soft tissue or small joints (metacarpophalangeal, interphalangeal, sternoclavicular, acromioclavicular) [14] . Medicine and Healthcare Products Regulatory Agency, UK, have recently issued a drug safety alert that Solu-Medrone 40 mg (a methylprednisolone preparation) contains lactose produced from cows' milk as an excipient and may contain trace amounts of milk proteins; other strengths of Solu-Medrone do not contain lactose [30] . Other injectable methylprednisolone preparations (ie, Depo-Medrone, Depo-Medrone with lidocaine) do not contain milk proteins. Solu-Medrone 40 mg will be reformulated to remove any trace of milk proteins.
Dexamethasone
Dexamethasone 3.3 mg/mL vials are solutions for injection. Each mL of solution contains 3.3 mg dexamethasone (as sodium phosphate), which is equivalent to 4 mg dexamethasone phosphate or 4.3 mg dexamethasone sodium phosphate. Dexamethasone 3.3 mg/mL solution for injection may be administered by IM, IA, or direct intravenous (IV) injection, IV infusion, or epidural/transforaminal infiltration. It is a clear, colourless solution, essentially free from particulate matter [14] . Dexamethasone sodium phosphate has particulate size <5 mm with the lowest density and the least tendency to aggregation among all the steroid preparations. Theoretically, dexamethasone should have minimal neurologic sequelae and a short duration of action compared to particulate steroids [31] . Dexamethasone sodium phosphate injection has a rapid onset but short duration of action when compared with less soluble preparations, as it does not remain at the target site as long. Dexamethasone sodium phosphate has a higher anti-inflammatory and potency compared to other steroids but affects can be transient as it is rapidly absorbed [28] .
When and Why
Because of transient and temporary benefit, steroid injections may need to be repeated. Repeat injections should not be given within short intervals to minimise the risks described earlier, though these are relatively insignificant and infrequent. Approximate duration of action of steroids are between 1-2 weeks depending on the type of steroid preparation [10] . A 2-to 3-week interval is suggested if a second corticosteroid injection is required, and a minimum of a 6week interval if a repeat injection into the same location is performed [11] . The National Institute for Health and Care Excellence recommends the same joint is not injected more than 3 times a year [29] . Weight-bearing joints and tendons subject to sudden strain (eg, Achilles tendon, ankle tendons) should be rested and protected (eg, air boot) post injection with avoidance of excessive use. The length of time is often locally agreed in conjunction with the foot and ankle surgeons. Therapeutic management should be reconsidered after 3 steroid injections into a single site. This, of course, is dependent on the clinical situation, and other management options such as surgery may not possible, leaving steroid injections the only clinically viable therapy.
Epidural Steroid Injections
Controversy exists on the effectiveness of epidural steroid injections (ESI) and the use of particulate steroid is on an offlabel basis [32] . There has been a particular focus on the use of epidural steroid injection in the recent literature. Radiologists perform transforaminal selective NRB and generally use longer acting particulate steroids (triamcinolone, methylprednisolone, or betamethasone) [33] . Numerous studies have shown a significant therapeutic benefit in terms of pain relief, disability, and activity levels compared to a control group or dexamethasone [28, 34] . However, evidence has shown that steroids can have neuro-toxic effects, and rare serious adverse events, such as brainstem and cord infarction, have been reported [32] . The risk is greater for particulates like triamcinolone and negligible for dexamethasone [35] .
Methylprednisolone can lead to sodium retention and its preservative, benzyl alcohol, a potentially neuro-toxin increasing the risk of arachnoiditis.
Neurologic risks can also be as a result of direct needle injury or needle placement leading to vasospasm and neurologic ischaemia [28] . Particulate embolisation into vessels with resultant ischemia and scarring of the nerves could lead to serious central neural sequelae. Methylprednisolone and triamcinolone may coalesce into large aggregates (>100 mm); however, sporadic particles can even exceed a size of >1000 mm [32] . Based on the dimensions of arterioles of 37 mm, and capillaries of 9 mm, both methylprednisolone and triamcinolone sludge can block these arterial vessels and result in ischemia [28] . Dexamethasone has particulate size 0.5 mm (smaller than erythrocytes) with the least tendency to form aggregates among all the steroid preparations and, therefore, should have minimal neurologic sequelae [28, 32] . The U.S. Food and Drug Administration (FDA) have specifically labelled triamcinolone ''not for epidural use,'' issued safety warnings and list epidural use as a contraindication [32] . Manchikanti et al criticised this in their review article concluding ''the authors request that the FDA modify the warning based on the evidence'' [33] .
Possible mechanisms of spinal cord injury in patients undergoing cervical and lumbar ESI included embolisation of particulate steroids, needle-induced vasospasm, compression from an epidural hematoma, or abscess and mechanical disruption of radiculomedullary arteries [32] . The exact pathophysiology of spinal cord injury remains unclear, particularly in patients after lumbosacral ESI. It is thought that steroids with larger particle sizes have a potential for occlusion of small vessels of the arterial tree as a potential consequence after incidental radiculomedullary artery steroid injection. Derby et al demonstrated that the largest triamcinolone acetonide particles (range 0.5e100 mm) were more than 12 times greater than median-sized erythrocytes (approximately 7.5 mm) compared to dexamethasone particles, which were approximately 10 times smaller [36] . Triamcinolone, methylprednisolone, and betamethasone all form densely packed aggregates, especially when mixed with a local anaesthetic [36] . However, it must be noted in human plasma, there was a significant reduction in size of the steroid aggregates due to the coating effects of albumin [36] . Okubadejo et al compared intra-arterial injection of particulate steroids versus non-particulate steroids during cervical NRB of pigs under general anaesthetic [37] . All 4 pigs injected with methylprednisolone failed to regain consciousness, required mechanical ventilation, and had MRI and histopathologic evidence of cervical cord and brain stem oedema and ischaemic injury. In contrast, pigs injected with dexamethasone had no clinical, MRI, or histopathologic evidence of neurologic injury [37] . Studies have also reported cord infarction several segments cranial to the injected level infarction post lumbar NRB using particulate steroid. However, some of these patients had previous laminectomies and with ESI using an interlaminar approach. These studies speculated that the presence of epidural scar tissue increases the risk of spinal cord injury after lumbar epidural steroid injections [32] . Some studies have demonstrated that symptomatic relief lasts longer following lumbar NRB with particulate steroids (triamcinolone) compared to dexamethasone, whilst others report no statistical difference in the efficacy or duration of symptomatic relief of particulate versus non-particulate steroid (4 mg dexamethasone) [32] . The only statistically significant finding noted is those having dexamethasone lumbar ESI require on average more repeated injections compared to triamcinolone to achieve the same result [38] with similar observations following cervical NRB [32] . As mentioned previously, there are a number of factors implicated in the rare but extremely serious neurologic consequence of ESI. There is a significant paucity of robust prospective studies to be able to provide evidencebased guidance on ESI steroid selection. Current studies vary greatly in the technique, steroid type and dose used, patient selection, and methodology. Correct technique, such as needle position using Kambin's triangle approach for lumbar ESI is suggested to avoid risks of injuring foraminal arteries [39, 40] .
Conclusion
Steroid injections have been shown to improve patient outcomes. It is important to remember that corticosteroid injections should be an adjunctive therapy complemented with conservative therapy and other analgesic or antiinflammatory medication as appropriate. With the current lack of guidance on the steroid use, we have proposed a guideline to help standardise steroid injections. With the current lack of guidance on the steroid use, we have proposed a guideline to help standardise steroid injections ( Table 3) . We believe a more standardised practice can potentially lead to improved patient outcomes and enable multi-centre data to be studied.
